Background Intraperitoneal administration of paclitaxel had been considered a promising option to treat peritoneal metastasis, the most frequent pattern of recurrence in gastric cancer after D2 gastrectomy, but its safety and efficacy after gastrectomy had not been fully explored. Methods A phase II randomized comparison of postoperative intraperitoneal (IP) vs. intravenous (IV) paclitaxel was conducted. Patients with resectable gastric linitis plastica, cancer with minimal amount of peritoneal deposits (P1), or cancer positive for the peritoneal washing cytology (CY1) were eligible. After intraoperative confirmation of the above disease status and of resectability, patients were randomized to be treated either by the IP therapy (paclitaxel 60 mg/m 2 delivered intraperitoneally on days 0, 14, 21, 28, 42, 49, and 56) or the IV therapy (80 mg/m 2 administered intravenously using the identical schedule) before receiving further treatments with evidence-based systemic chemotherapy. The primary endpoint was 2-year survival rate. Results Of the 86 patients who were randomized intraoperatively, 83 who actually started the protocol treatment were eligible for analysis (n = 39, IP group; n = 44, IV group). The 2-year survival rate of the IP and IV groups was 64.1% (95% CI 47.9-76.9) and 72.3% (95% CI 56.3-83.2%), respectively (p = 0.5731). The IP treatment did not confer significant overall or progression-free survival benefits, and was associated with particularly poor performance in patients with residual disease, including the CY1 P0 population. Conclusions We were unable to prove superiority of the IP paclitaxel over IV paclitaxel delivered after surgery to control advanced gastric cancer with high risk of peritoneal recurrence.
Introduction
Peritoneal metastasis is one of the most frequent causes of recurrence and death among patients with advanced gastric cancer and often occurs after D2 gastrectomy which is considered to confer excellent local control [1] . Disseminated nodules can only be detected at laparotomy or laparoscopy as minute deposits adhered to the peritoneal surface, and are often preoperatively undetectable even with the states of the arts modalities such as computed tomography, ultrasound, and positron emission tomography [2] . These minute deposits, nevertheless, deem the disease oncologically unresectable, because they are usually accompanied with numerous other metastatic foci on the peritoneal surface that remain too small to be macroscopically detectable. Moreover, response to the chemotherapeutic agents is generally reported to be poor, at least partially owing to the insufficient transition of the drugs into the peritoneal cavity [3] .
The origin of peritoneal metastasis is considered to be free cancer cells which are either shed from the gastric serosa in case of T4-stage disease or disseminated through surgical manipulation [4] . Detection of free cancer cells by cytological examination of the peritoneal washes is designated as CY1 in the Japanese Classification of Gastric Carcinoma [5] , and denotes poor prognosis even in the absence of macroscopic peritoneal deposits [4] . Therefore, a treatment strategy designed to directly make contact with the free cancer cells through intraperitoneal (IP) administration of anticancer drugs may serve as an effective approach for prevention or treatment of the peritoneal disease [6] .
Intravenous (IV) paclitaxel has been approved for treatment of gastric cancer, and is currently a standard of care in the second line setting [7, 8] . Paclitaxel is known to exhibit high intraperitoneal concentration even when administered IV [3] . When delivered IP, however, the intraperitoneal concentration of paclitaxel reportedly rises to 1000-folds that reached by IV and maintains the high values for several days [9] . Moreover, repeated IP administration of paclitaxel has been proven to be safe and effective for treating disseminated ovarian cancer [10] . A phase III trial eventually proved efficacy of intraperitoneal paclitaxel in combination with platinum in ovarian cancer [11] . However, little evidence in support of the IP treatment was available for gastric cancer.
Before embarking on exploring more complex treatment regimens in combination with other drugs and systemic therapy, we aimed to make a head-to-head comparison of IP vs. IV paclitaxel as a single agent for gastric cancer with high risk of peritoneal disease [12] . IP paclitaxel was found to be safe and feasible in the current multi-institutional randomized phase II trial (INPACT trial), and these results have been published [13] . Here, we report on the final analyses including survival outcomes of the trial.
Patients and methods

Ethics
This randomized, open-label multicenter phase II trial was approved by the institutional review boards of the 12 participating institutes after review of the scientific and ethical validity of the protocol. This study fully complied with the Declaration of Helsinki (2008) and is registered with the University Hospital Medical Information Network (UMIN) Clinical Trial Registry (UMIN000002957; http://www. umin.ac.jp/ctr/index .htm). Written informed consent was obtained from all patients before enrollment. Because IP administration of paclitaxel has not been approved by the insurance system in Japan, the current trial was conducted as Advanced Medical Treatment B scheme under approval of the Ministry of Health, Labor and Welfare.
Inclusion and exclusion criteria
The primary target population of the study was comprised with individuals with potentially resectable advanced gastric cancer at particularly high risk of peritoneal metastasis. Patients were registered preoperatively if they met all of the inclusion criteria following preoperative examination which included computed tomography of the neck, chest and whole of the abdominal cavity:
(1) Histologically proven adenocarcinoma of the stomach. Key exclusion criteria were as follows: severe comorbidity, gastrointestinal bleeding requiring repeated blood transfusions, and bowel obstruction preventing treatment with oral drugs, active synchronous cancer or disease-free metachronous cancer within 5 years from the onset of gastric cancer, peripheral neuropathy, and also patients who were otherwise considered inappropriate for inclusion by the physicians.
Intraoperative randomization
Patients were randomized during laparotomy to the IP or IV group after confirmation by the surgeons that (1) gastrectomy is possible, (2) patient has risk factors for peritoneal metastasis/recurrences (either with small quantities of peritoneal disease that did not discourage surgeons from performing gastrectomy, fulfills to the type 3/4 criterion written above, or is positive for the peritoneal washing cytology), and (3) placement of the indwelling catheter is 1 3 possible. The randomization was performed by centralized dynamic weighting method. Upon randomization, patients were stratified by the following factors: the macroscopic type (type 3/4 or others), curability of surgery (R0 or R1/R2), age (< 75 years or ≥ 75 years), and institution.
In the IP group, placement of the indwelling catheter was performed according to the method of Markman and Walker to avoid catheter-associated adverse events [14] .
Postoperative treatment and patient follow-up
Seven cycles of paclitaxel administration on the same postoperative days were planned for both treatment groups. The IP group received 60 mg/m 2 of paclitaxel on the day of surgery (day 0) and on days 14, 21, 28, 42, 59, and 56 after surgery. Paclitaxel was dissolved in 1000 mL saline and delivered to the abdominal cavity via the indwelling catheter except on day 0 when the drug was administered through the transient catheter which was introduced through the small opening that remained at either end of the midline incision and was retrieved as the last suture of the wound closure was tied. The dose had been decided based on a phase II trial of paclitaxel monotherapy through IP administration conducted in ovarian cancer patients (11) . In the IV group, patients received 80 mg/m 2 of paclitaxel on the day of surgery (day 0) and on days 14, 21, 28, 42, 49, and 56. These treatment regimens were to be followed 2-3 weeks later by standard systemic chemotherapy for advanced gastric cancer which, at the time the trial started, was either S-1 monotherapy [15] or a combination of S-1 and cisplatin [16] . S-1 was recommended for Stage III cancer and S-1/cisplatin for Stage IV, but these treatments were outside of the study protocol and the choice was left to the discretion of the physicians.
Endpoints and statistical analysis
The primary endpoint was the 2-year survival rate. The secondary endpoints were safety, progression-free survival (PFS), and overall survival (OS). The sample size was calculated according to the hypothesis that the 2-year survival rate of the IV group, estimated as 30-40%, could be improved by 10% in the IP group. The selection probability was approximately 82-83% when the sample size was 80 patients and 84-85% when the sample size was 100. Thus, the randomized sample size was designated as 90 patients. Qualitative variables were compared between the two groups using the χ 2 test, with the exception of comparison of the chemotherapeutic regimens used in the subsequent treatment where Fisher's exact test was used. To compare quantitative data, we used the Wilcoxon signed-rank test for between-patient comparisons. The Kaplan-Meier method was used to calculate survival curves, and the stratified log-rank test was used for comparisons. p < 0.05 indicates statistical significance.
Results
Patients' characteristics
Between June 2011 and November 2014, 177 patients were registered from the 12 participating institutions. A CON-SORT diagram is presented in Fig. 1 . Several candidates who had been registered were found to be ineligible at surgery due to lack of macroscopic peritoneal deposits and/or negative result in the peritoneal washing cytology, and 86 patients eventually went through to be randomly allocated to either of the treatment arms. Three patients were excluded, of which two patients refused treatment after the randomization. In another patient, surgeons changed their decision after the randomization through finding several additional peritoneal deposits while operating and decided not to perform gastrectomy after all. Thus, 83 patients who underwent the protocol treatment were eligible for analysis. When we compared baseline characteristics between the IP (n = 39) and IV (n = 44) groups, there were no differences in patient demographics and prognostic factors (Table 1) .
Details on treatment after the IP or IV paclitaxel were available for all patients except one patient in the IV group. Chemotherapy was delivered after the protocol treatment in 24 of 39 patients in the IP group and 27 of 
Safety
We previously reported on the feasibility and safety of the protocol treatment [13] . In brief, the incidence of surgical complications was similar between the two groups, except for the fact that transient bowel obstruction was observed exclusively in the IP group. All of these patients were cured Fig. 2b ).
Subgroup analyses
We performed subgroup analyses to further evaluate the influence of drug-administration routes (Table 2 for PFS  and Table 3 for OS). Although there was no statistically significant determinant of the PFS or OS (Fig. 3) , the effect of IP treatment on PFS was particularly disappointing among patients with residual disease (hazard ratio: 1.848, 95% CI 0.767-4.452). The overall incidence of disease recurrences between the two groups was similar only in the P0CY0 population. Disappointingly, the IP treatment resulted in higher incidences of recurrence and progression in the P0CY1 and P1 cohorts even in the form of peritoneal disease, although not statistically significantly so (Fig. 4) .
Discussion
Efficacy of a combination chemotherapy that includes IP paclitaxel has been proven by a phase III trial in the treatment of ovarian cancer [11] , another cancer type with high incidence of peritoneal metastasis, but the evidence have not yet been robust for gastric cancer. Sporadic case reports postulating the efficacy of IP paclitaxel for gastric cancer had been presented in domestic meetings, but the dosage and treatment schedules had been varied. Moreover, no prospective trial result was available at the time preparations for the current study had been in progress. Before embarking on combining IP paclitaxel with other anticancer agents, we sought to establish safety and efficacy of a single agent IP paclitaxel at a dosage that had been decided by a phase II trial for ovarian cancer in the US [10] . Co-resection of the bowel had been reported as a risk factor for major adverse events in the postoperative IP treatment of ovarian cancer [14] . Thus, safety of delivering IP paclitaxel immediately after gastrectomy was an important issue. In the INPACT trial, we could prove safety of IP paclitaxel on the day of radical gastrectomy for the first time in a multi-institutional setting, along with feasibility of the weekly IP treatment [13] . However, we were unable to demonstrate survival benefits of the IP administration over IV. The IP paclitaxel was developed to enhance antitumor activity against peritoneal metastasis by maintaining a high and persistent concentration of the drug in the peritoneal cavity [9] . On the other hand, a high proportion of paclitaxel that remains in the peritoneal cavity means poor absorption of the drug into the blood stream. Moreover, despite the high concentration in the peritoneal cavity, paclitaxel has been reported not to penetrate deep into the peritoneal wall, and intra-tumoral uptake only from the peritoneal surface may not be sufficient to treat a bulky tumor [6] . IP paclitaxel as a single agent is, therefore, estimated to be suboptimal as a systemic therapy. These facts resulted in dispute when considering the eligibility criteria for this trial, given that an evidence for postoperative adjuvant chemotherapy for advanced gastric cancer already existed [15] . However, the investigators considered a head-to-head comparison between IP and IV paclitaxel as an essential first step before moving on to establishment of the combination therapies. Thus, (i) the target population had to have a high likelihood of developing into peritoneal carcinomatosis and (ii) duration of treatment by IP paclitaxel had to be kept short and was eventually decided to be 8 weeks so as to be able to start the evidencebased systemic treatment without overt delay. On the other hand, a treatment by IV paclitaxel was considered acceptable since feasibility of delivering IV paclitaxel before initiation of oral fluoropyrimidines postoperatively had already been proven [17] . The sequential treatment was actually explored in a large-scale phase III trial and, although that trial failed to prove its superiority, the sequential treatment was eventually observed not to be inferior to the evidence-based treatment in terms of long-term outcome [18] .
Gastrectomy for patients with cytology-positive status and those with small amount of peritoneal deposits that could be co-resected had been justified by the Japanese Gastric Cancer Treatment Guidelines pending adequate postoperative chemotherapy [19] , based on a prospective phase II study [20] and other retrospective case series [21] . On the other hand, palliative R2 resection for patients with metastatic disease is not indicated except in case of stenosis or hemorrhage. We estimated that a large amount of residual arms was observed, recurrence as peritoneal disease tended to be more frequent in the IP group for the P0CY1 and P1 cohorts disease after R2 resection would call for a powerful systemic chemotherapy, in which case the patient may not benefit from IP paclitaxel. After much discussion, patients who underwent R2 resection were nevertheless deemed eligible for this trial so as to facilitate the patient accrual. However, as had been feared, the subset analysis denied efficacy of IP paclitaxel to treat patients after R2 resection. Even more disappointingly, IP paclitaxel was unable to control the peritoneal disease even after R1 resection that denotes P0CY1 cases.
The current trial was conducted as Advanced Medical Treatment B scheme in which participating institutions had to be accredited by the government. This process was rather complex and time-consuming, and the study had to be started off with a small number of institutions and the study group never actually grew large enough for a prompt patient accrual. While concept of the study had been under debate by the steering committee of our study group, Ishigami et al. successfully combined IP paclitaxel with systemic chemotherapy and conducted a successful phase II trial, in which they achieved promising outcomes of the 2-year OS at 46% and the mediansurvival time at 22.5 months among patients with overt peritoneal metastasis [22] . Phase II trials to combine IP paclitaxel with other drug combinations are also under progress [23] . However, to improve outcomes further, they have been emphasizing the importance of conversion surgery where patients undergo gastrectomy following response to their combination chemotherapy [24] . Our findings revealed safety and feasibility of postoperative IP paclitaxel that begins on the day of surgery in a multi-institutional setting, and this could support their promising treatment modality, although prolonged treatment by IP paclitaxel alone cannot be recommended for patients with peritoneal disease.
There are several limitations in the current study. Gastric cancer is a heterogenous disease, and it was not possible to select patients with the risk only of peritoneal metastasis for this study although we attempted to do so through the complex eligibility criteria. Consequently, several patients had recurrences in the form of hematogenous or nodal metastasis, to which the preventive effect of IP paclitaxel was expected to have been weak. Due to a complex nature of the study and case volume expected from the small study group under strict regulations of the Advanced Medical Treatment B scheme, the planned sample size had to be kept small and the study was not designed to provide definite conclusions. Furthermore, although there were recommendations on the treatment regimens to be administered after the brief protocol treatment, actual content, duration and compliance to the subsequent chemotherapy had not been recorded in detail for analyses. However, there were no significant differences in the proportion of patients who underwent subsequent chemotherapy and the regimens selected between the two treatment arms, and it is unlikely that the post-protocol treatment had significant influence on the results of this study.
In summary, we were unable to prove the superiority of single-agent IP paclitaxel over IV paclitaxel to control advanced gastric cancer after surgery, particularly when R0 resection was not performed. If IP paclitaxel were to be explored further in the treatment of gastric cancer patients with peritoneal metastases, it should be combined with systemic chemotherapy.
